Methods
Preparat6m of Cell Suspensio~.--The strain of Esckerichia coli used throughout these experiments was obtained from the Department of Pathology, University of Toronto, by courtesy of Dr. Gray. It was maintained on a medium of the following composition: NaC1 5.0 gin., MgSO4 0.2 gm., KH~PO4 2.0 gm., CaC12 0.1 gm., glycerol 2.0 gin., NH4C1 1.0 gm., and FeCla 0.001 gm., made up to 1000 ml. with distilled water. Th~s was autoclaved for 15 minutes at 15 pounds' pressure and the pH was then adjusted to 7.0 with 1 ~ NaOH. When a solid medium was desired 2½ per cent agar was added. In growth and respiration experiments, the concentration of NH4CI was frequently varied. The exact concentration used will therefore be stated for each set of experiments. A comparison of this strain of E. coli with a strain, No.
8739, from the American Type Culture Collection has been made, and the two strains are very similar in their behavior in this medium and under the conditions of this investigation.
Suspensions of cells for growth and respiration experiments were obtained by inoculating sterile agar plates of the medium described and incubating these at 37°C. for 10 to 24 hours, depending on the experiment. The growth was then washed off with sterile medium, centrifuged for 25 minutes at 3700 ~.1,.~., and made up to the desired concentration, either by volume of packed cells, or by the reflectometer (Libby, 1941) .
The Measurement of Oxygen Consumplion.--The oxygen consumption of cells suspended in the medium described was measured by the direct method of Warburg (Dixon, 1943) . The term, "rate of oxygen consumption" used throughout this investigation, is the rate per respirometer vessel. In eases where inhibitors were added, the rate per respirometer vessel has been expressed as a per cent of the control rate of oxygen consumption. This is permissible since comparisons of control and inhibited rates were made at points where the same amounts of bacterial protoplasm were present in the control vessel and those containing inhibitor. This approach will be explained in more detail later. Approximately 4 × l0 s viable cells were present in each respirometer.
The use of the Warburg method in the respiration experiments presumes that there are no gas exchanges involved other than those due to the utilization of oxygen and the liberation of carbon dioxide. It is well known, however, that E. coli produces hydrogen from various substances and that the amount of this gas may vary under different conditions. Stephenson (1937) has shown that the production of hydrogen from glycerol is negligible under aerobic conditions and it was for this reason that glycerol was used as the carbon source in the present experiments. It was necessary, nonetheless, to determine the degree to which the production of hydrogen might affect these observations. This was done in the following manner. Two respirometer vessels containing aliquots of a given suspension of bacteria were set up. After temperature equilibration, the oxygen was completely removed in one vessel by mixing a two component oxygen absorber. The bacteria in the second vessel were permitted to grow and respire for several hours and then the oxygen remaining in it was absorbed in a similar manner. At this time in these experiments only one-half to one-third of the oxygen present initially remained to be absorbed by the reagents. Carbon dioxide was taken up as usual by alkali in both vessels. If no gas other than carbon dioxide is given off, the amount of gas absorbed in the two vessels should be the same; Le., oxygen absorbed initially is equal to oxygen taken up by the bacteria plus oxygen taken up at the end of the experiment.
In the procedure just described the amount of oxygen which can be absorbed from the respirometer vessel is limited by the density of the manometric fluid and the length of the manometer. In order to remain within these limitations it was necessary both to increase the density of the manometric fluid and to reduce the amount of oxygen present in the vessel. Clerici's solution with a density of 3.86 (Dixon, 1943) was used in place of the usual Brodie solution; and since it was found that a mixture of 7 per cent oxygen and 93 per cent nitrogen permitted the same rate of growth as did air, the former was employed as the gas phase in these tests for hydrogen production thus reducing the amount of oxygen to be absorbed by about 67 per cent. Oxygen was absorbed using the reagents described by Warburg (1928) . All concentrations, however, were increased by 50 per cent. Vessels with two onsets were used, the solid iron-free sodium pyrophosphate being placed in one onset and the ferrous sulfate in ~r/500 H2SO4 in the other. Bacteria, suspended in growth medium, were placed in the main space of the vessel and carbon diorade was absorbed in the usual way. At the beginning and end of the experiment these reagents were tipped into the main space. The results of eight experiments of this kind are presented in Table I . It is evident that the oxygen present initially is the same within small limits as the sum of the oxygen consumed by the bacteria and the oxygen remaining at the end of the experiment. It may be concluded that if any hydrogen is given off by E. toll when glycerol is the substrate, it is in such small quantities as to have no effect on the conclusions reached in this paper.
The Measurement of Growth.--Rates of growth were determined in several ways directly by (a) changes in viable cell counts, and (b) the rate of disappearance of ammonia from the medium; and indirectly by (c) the rise in rate of oxygen consump-GROWTH INli/J~ITION tion of a culture in a respirometer vessel, and (d) changes in reflectometer readings on the cultures. Rates for (a), (c), and (d) were expressed as the slopes of the lines obtained when the logarithms of these measurements were plotted against time. The ammonia withdrawn from the medium in a 2 hour period was used as the basis for the expression of growth rate in (b). The rate of growth in the presence of an inhibitor will be expressed as a per cent of the control rate. The details of these different procedures for the measurement of growth rate are as follows :--(a) Viable cell counts were determined in the usual way (Wilson, 1922) . Dilutions were made in Ringer solution (NaC10.65 per cent, KC10.014 per cent,and CaCl~0.012 per cent). Cells were plated out in Difco nutrient agar. Counts were made of the colonies visible after an incubation period of 24 hours at 37°C.
(b) The utilization of ammonia was followed by analyzing samples of the culture for ammonia at intervals. The free ammonia remaining in the cultures was determined by a procedure essentially the same as that described by Peters and Van Slyke (1932) in connection with the determination of urea in urine. An aliquot of the culture was added to 5 gm. of solid K~CO8 and the volume made up to l0 ml. with distilled water. Air, after passage through 5 per cent H2SO4 was drawn through the alkaline mixture and thence through 10 ml. of 0.01 N HC1, the ammonia being trapped in the latter. The ammonia was estimated colorimetrically using a Cenco Sheard Sanford photelometer, following the procedure outlined by Hoffman (1941) . For the aeration and collection ot ammonia it was found convenient to use the GradwohlBlavais blood sugar tubes since these are graduated at 10 and 15 ml. and are of such a bore that the 10 ml. used for aeration make a column of fluid approximately 5 cm high. It was found that 12 to 15 litres of air for a period of 30 minutes carried over all but traces of ammonia.
(c) In growing cultures the rate of oxygen consumption per vessel increases with time, indicating that the amount of respiring material is increasing in each vessel. This rate of increase has been used as a measure of growth rate (Greigand Hoogerheide, 1941) . There is a limitation to this procedure set by the fact that many bacteria, including E. coli, must have an appreciable concentration of carbon dioxide in their immediate environment in order to grow (Smith, 1924; Rockwell and Highberger, 1927; Gladstone, Fildes, and Richardson, 1935, etc.) . In the Warburg vessel a carbon dioxide absorber is included so that the concentration of this gas is kept low. With high shaking rates and low rates of production of carbon dioxide the concentration of this gas may conceivably fall to levels which are insufficient to maintain normal growth in the bacteria requiring it. This phenomenon was actually observed in the present investigation and may be illustrated by the data of one preliminary experiment. In one set of respirometer vessels a 0.03 per cent suspension of packed cells was aerated with 5 per cent carbon dioxide in air. In another set the carbon dioxide was absorbed by alkali in the usual way. A 0.06 per cent suspension was treated in a similar manner. Reflectometer measurements were made initially and at the end of the experiment. The results, which are presented in Table II , indicate dearly that when the concentration of cells is low, sufficient carbon dioxide to permit normal growth is not retained in the medium. The amount of carbon dioxide dissolved in the medium can be increased and growth made possible by the addition of carbon dioxide to the gas phase or by increasing the concentration of cells. The first method would greatly complicate the simultaneous measurements of growth and oxygen consumption. For this reason the second method was adopted and an initial concentration of 0.06 per cent suspension of packed cells was always used in the experiments which will be described.
(d) The reflectometer (Libby, 1941) measures the light reflected at a 90 ° angle from the surface of the bacteria in a suspension. The readings of this instrument are linearly related to the number of organisms present in a given volume of suspension medium, and can, therefore, be employed as an approximate indication of the concentration of any given suspension.
Most of the growth experiments reported in this paper were done in Warburg vessels on the same cells for which measurements of oxygen consumption were being made. A few, however, were done in L-shaped tubes using concentrations of bacteria 917 similar to those employed in the respirometers. These tubes were shaken in a bath at 37°C. and samples for reflectometer measurements, etc., were taken every half hour.
RESULTS
The Eff ec~ of S T on "Young" and "Old" Cd/s.--The cells for these experiments were grown on the surface of the solid medium; "young" cells for approximately 16 hours, "old" cells for 22 hours. They were then washed off these plates into liquid growth medium and aliquots of the resulting suspensions were used in the respirometers. InitiaUy, therefore, the number of cells, and the kind and amount of bacterigl protoplasm in each vessel prepared from a given suspension were identical. Sulfathiazole (ST), dissolved in growth medium, was placed in the onset of the respirometer vessel. It was mixed with the organisms after the manometers had been closed at the end of the equilibration period.
The results of a typical one of many similar experiments are plotted in Fig. 1 . The cumulative oxygen consumption of a control vessel containing no ST and of five different concentrations of ST are plotted against time. Concentration in this paper refers to final concentration in the respirometers. It will be noted that in the control vessel and in low concentrations of ST the rate of oxygen consumption per vessel increases with time, while in the highest concentration it actuaUy decreases appreciably with time. Since the cells are suspended in a growth medium, the mass of respiring material in at least the control vessel must increase with time, and consequently, the rate at which oxygen disappears in this vessel would be expected to rise with time as it is observed to do.
If it can be assumed that the rate of oxygen consumption per unit of bacterial protoplasm is constant for the duration of the experiment, then the rate of oxygen consumption per vessel is a measure of the amount of bacterial proto- plasm contained in it. It follows, as Greig and Hoogerheide (1941) point out, that the rate at which the oxygen consumption per vessel rises is a measure of the rate of formation of new bacterial protoplasm. Following this line of reasoning it appears that growth in these particular experiments occurred up to approximately 19.5 X 10 -4 x~ ST, since the rate of oxygen consumption increased with time at all concentrations of ST lower than this one. In the low concentrations the inhibition of growth by ST appears to vary with the concentration.
Since in any one experiment all of the respirometers were started with an aliquot of the same bacterial suspension, and since growth occurred in a~l of the controls at the same rate and under the same conditions, the control vessels will contain at all times the same number of bacteria and the same amount of bacterial protoplasm. In those vessels containing ST, however, growth is partly or completely inhibited according to the concentration of this inhibitor. Except at the start of the experiment therefore these vessels will always contain a slnaller amount of bacterial protoplasm than do the controls. Consequently the quantities of oxygen consumed in the different respirometer vessels are not comparable because the respirometers contain different and unknown quantities of bacterial protoplasm. For this reason the relation between the rates of oxygen consumption in the different vessels cannot, in general, be taken as an indication of the relative rates of oxygen consumption by the bacterial protoplasm in those vessels. In other words, for example, the fact that after 280 minutes the control vessel has consumed 1450 c.mm. of oxygen, while the vessel containing 9.8 × 10 --4 ~ ST has consumed o~ly 525 c.mm. does not indicate that the bacterial protoplasm in the last case has consumed oxygen at only 525 X 100 1450 per cent of the rate of the control. In fact the discrepancy between 1450 and 525 could be due entirely to the fact that there was more bacterial protoplasm in the control vessel than in the vessel containing ST, the rate of respiration per unit of bacterial protoplasm actually being the same in the two Eases.
In order to determine the effect of ST on the respiratory rate of bacterial protoplasm, the present problem, the vessels must be compared only when they are known to contain the same quantity and kind of bacterial protoplasm or else the quantity of protoplasm in each vessel must be determined and the rate of oxygen consumption then expressed per unit of protoplasm. The first of these two methods was followed here, since it avoids the possibility that the rate of oxygen consumption per unit of protoplasm might change during the growth cycle (cf. Martin, 1932) .
In the experiment illustrated in Fig. 1 , the amounts of bacterial protoplasm present in each vessel are known to be the same at only one point, namely at zero time, the moment when ST is mixed with the suspensions of bacteria, for then all are identical. A good approximation of the rate of respiration at zero time can be obtained by drawing tangents at zero time to the curves shown in Fig. t . The "initial rates" of oxygen consumption thus obtained may then be compared at the different concentrations of ST. It is convenient to express each of them as a per cent of the control.
The effect of ST on the consumption of oxygen by both young and old cells of E. coli, determined by this method, is indicated in Fig. 2 , curves I and 2 respectively. 1 It is quite evident not only that ST reduces the rate of oxygen con-1 The data of five identical experiments were combined to make curve 1 while for curve 2 the data of three identical experiments were combined. Similar curves have of course been seen in a great many preliminary experiments.
sumption in both cases, but also that the respiration of the younger cells is very appreciably more sensitive to ST than is that of the older cells. The highest concentrations of this inhibitor which its solubility permits, produce 50 per cent inhibition in young cultures and 40 per cent in old cultures. Higher concentrations, had they been possible, would perhaps have lowered the rate of oxygen consumption still further. It is very apparent that the oxygen consumption of old ceils is not reduced as much by low concentrations of ST as is the oxygen consumption of young cells. The effect of ST on the growth rate was determined in the following way:
The cells were washed off the plates into a quantity of the liquid culture medium which lacked its normal glycerol and ammonium chloride. Tlds suspension was then aerated in L tubes by shaking for 1 hour at 37°C. At the end of this time quantifies of glycerol and ammonium chloride appropriate for growth were added along with the desired quantities of ST. 2 At intervals reflectometer readings were made on the suspensions and, sooner or later, these readings become a logarithmic function of time. The slope of the straight line relating the logarithms of the reflectometer readings to time was taken as a measure of the growth rate. The slopes of such lines for inhibited cultures were expressed as per cents of the slope of the control, and these are plotted in Fig. 2, curve 3 .
Comparison of the data in curve 3 with the respiration data for young cells, curve 2, indicates that inhibition of growth is accompanied by inhibition of oxygen consumption per unit of bacterial protoplasm. Growth, however, is inhibited more rapidly as the concentration of ST rises, than is oxygen consumption, so that when the growth rate has been reduced to only 20 per cent of its normal value, approximately 60 per cent of the normal oxygen consumption still remains.
It was noticeable throughout these growth experiments in L tubes that when in the contfSls an appreciable interval, the lag period, elapsed before the growth of the bacteria became logarithmic, the lag was greatly increased by the addition of ST. There are thus two effects of ST on the growth process; the effect on the lag period, and the effect on the log phase after this has been established. To indicate the magnitude of the effect of ST on the duration of the lag phase, it is convenient to plot 1/T as per cent control against the ST concentration, T being the time from the addition of glycerol and ammonium chloride to the establishment of the log phase of growth. This has been done in curve 4 of Fig. 2 . It will be noted that ST produces a greater effect on the duration of the lag period than it does on the growth rate determined during the log phase. The fact that curve 4 falls to a plateau indicates that the lag phase cannot be indefinitely prolonged by the addition of these concentrations of ST. The interpretation of this observation is not clear at present.
It has been shown above that the oxygen consumption of old cells is typically less sensitive to sulfathlazole than is that of young cells. One other difference between young and old cells was also noted. On the basis of reflectometer units the rate of oxygen consumption for old ceils was found in three separate experiments to be only 70 per cent of the rate for young cells. A single special experiment was done to check these observations. A number of plates of agar 2 The preliminary aeration employed in these experiments was introduced in an attempt to produce a more standard metabolic condition than is otherwise seen. This procedure was not found to have the desired effect, but instead was observed to prolong markedly the lag period between the addition of glycerol and ammonia and the commencement of growth. We have noted that the most reproducible preparation of growing cells is obtained by employing young cells, and by having these grow in fresh medium for approximately 1 hour immediately prior to the commencement of an actual experiment.
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were inoculated from the same culture. At intervals, ranging from 12 to 24 hours, the growth was removed from a single plate and made up to a standard reflectometer reading. The results of this experiment are recorded in Table  III . It may be concluded as a first approximation that the oxygen consumption is decreased by 40 per cent as the growth period is increased by 12 hours. I t seems likely therefore .that the rate of oxygen consumption of "old" bacterial protoplasm is less than that of "younger" protoplasm. This conclusion must be regarded as tentative however, since it is based upon the assumption that reflectometer units are directly proportional under all conditions to units of bacterial protoplasm, an assumption which was not critically tested in this investigation.
TABLE III

The Inigial Rage of Oxygen Consumption by Cells of Differen~ Ages
All cell suspensions were made up to the same reading on the reflectometero 
The E~ect of S T on Oxygen Consumption and Growth during the Log _Phase of Growth
In the series of experiments to be described now, the observations on growth and oxygen consumption were made simultaneously on ceils respiring and growing in respixometer vessels. This eliminated any difference in the conditions of growth and respiration which might result from differences in the carbon dioxide concentration or from other factors.
Aliquots of a given suspension of organisms were placed in a number of respirometer vessels along with an appropriate quantity of the growth medium. These cultures were then thoroughly aerated by shaking the respirometer in the usual way, the rate of oxygen consumption being followed. When the logarithmic phase of growth, as indicated by the rate of oxygen consumption, had been reached, the sulfathiazole was added to the growing cells from the onsets d the respirometer vessels.
Oxygen consumption was measured throughout the entire experiment, and vessels were removed at regular intervals for observations in the reflectometer, for viable cell counts, and for the determination of the ammonia remaining in the medium. The contents of the vessels were removed by repeated rinsings with Ringer solution, the total volume of the resulting suspension being constant. One aliquot of this suspension was immediately removed for a viable cell count; the remainder was then read in the reflectometer and finally a second aliquot was taken for the ammonia analysis. All four measures of growth, discussed under Methods, were consequently available in these experiments.
When the logarithm of the oxygen consumption per vessel was plotted against time, the points almost always fell along a straight line. Extrapolation of this to zero time, i.e. to the moment when ST was tipped in, indicates the oxygen consumption at zero time. Since all vessels were treated similarly, all at zero time may be assumed to have had the same number and size of cells and, hence, the same quantity and kind of bacterial protoplasm. The vessel contents are, therefore, strictly comparable at zero time. This determination of the rate of oxygen consumption at zero time is essentially identical with the method employed in the previous section. The present procedure is possible, however, only when the logarithm of the rate of oxygen consumption is a linear function of time. As indicated above, this condition was assured by the experimental technique employed in the present series of experiments. It did notoccur regularly in the previous series. The slope of the line relating the logarithm of the rate of oxygen consumption and time is the measure of growth based on oxygen consumption which was discussed under Methods.
In some experiments growth, as indicated by the changes in viable cell counts or by changes in reflectometer readings, is not affected by ST during the first hour after the addition of this substance to the organisms, that is, counts and readings increase during this hour at a rate similar to that of the controls. In most cases, however, a new lower rate of growth is established immediately upon the'addition of ST. After 1 hour in the presence of this substance the new rate has been established in all cases. This is the growth rate which will be referred to in the present section. A lag in the effect of ST on growth has been reported by many investigators (Henry, 1944 ). An immediate reason for at least a part of the delay in the onset of the ST inhibition is suggested in the following paper (Armstrong and Fisher, 1947) .
On the average, five determinations of ammonia were made throughout each experiment for the controls and for each concentration of ST. Values obtained were plotted against time, a smooth curve was drawn through the points, and from this curve the rate of ammonia removal during the initial 2 hours was read. The measure of growth based on ammonia removal, reported here, is the amount of ammonia removed during the initial 2 hours following the addition of ST.
GROW~rH INHIBITION
The results of these experiments are summarized in Fig. 3 . The data for oxygen consumption have been plotted in such a way 8 that the applicability of the mass law as a description of the effect of ST on the rate of oxygen consumption, is tested. It is possibly of interest that since the data conform to a straight line they can be adequately described by an expression derived from the mass
I--. The oxygen uptake (cross) is plotted to test the applicability of an expression of the mass law as a description of the data, but for convenience the ordinate is given as a per cent of the control. The estimates of growth rate from the rate of oxygen consumption are indicated by circles; those from viable cell counts by squares; those from reflectometer readings by circled crosses, and those from ammonia utilization by dots. These are the average data of four identical experiments in which 0.03 per cent NH4C1 was used. Further details in text.
law; and furthermore, since the slope of the line is practically 1, that ST appears to combine molecule for molecule within the cells. The significance of these observations is uncertain at present however, since due to the limited Solubility of ST, only half of the total range of inhibition has been observed. U s The logarithm of 7 is plotted against the logarithm of the ST concentration, U being the rate of oxygen "consumption in the presence of a given concentration of ST while I is the difference between the normal rate of oxygen consumption and U. For a detailed discussion see Fisher and Stem, 1942. The rate of growth expressed as a per cent of the control is shown in the lower curve. Each measure of growth is indicated by a separate symbol. It is evident that the results of the determination of the inhibition of growth by the four methods agree well with one another. A comparison of the effect of ST on oxygen consumption and on growth shows that growth is inhibited to a greater degree by a given concentration of ST than is the oxygen consumption. For example, at 19.5 X 10 -4 M ST (log 19.5 --1.30 approximately) when only 25 per cent of the normal growth remains, 58 per cent of the normal oxygen consumption is present. This series of experiments confirms the findings of the previous experiments, and since growth and respiration were determined simultaneously, there would appear to be now no doubt that the inhibition of growth by ST is accompanied by inhibition of oxygen consumption.
The Effect of PC on Oxygen Consumption and Growth during the Log Phase of Growth
The characteristics of the inhibition of respiration and growth by ST in E.
coli as recorded above and in the sea urchin egg (Fisher, Henry, and Low, 1944) are similar to the effects of narcotics on the same functions in other forms, in that the inhibition of growth produced by a given concentration of a narcotic, is greater than the inhibition of the total oxygen consumption. It was thought, thereforel that it would be of value to compare the effect of ST on E. coli with that of a narcotic, n-propyl carbamate (PC). Consequently a series of experiments similar to that described for ST in the previous section was done using PC as the inhibitor. As will be seen from Fig. 4 all four methods of measuring rate of growth indicate that growth ceases completely when the concentration of PC reaches 0.I (log this concentration X 102 ---1.0). The expression of the precise level of the rate of oxygen consumption maintained at different concentrations of PC proves to be complicated in/~. coli because a distinct change in the general characteristics of the inhibition occurs as the inhibitor concentration is increased. In the four lowest concentrations shown in Fig. 4 the general behavior is identical with that characteristic of ST. The PC slows the rate of growth but the latter remains logarithmic. By plotting the logarithm of the rate of oxygen consumption against time and extrapolating the straight line which results back to zero time (i.e. to the moment the inhibitor was added), the inhibition of the oxygen consumption at zero time may be obtained. This is the way in which the rates of oxygen consumption for the four lowest concentrations recorded in Fig. 4 were obtained. The next two highest concentrations of PC, 9.23 X 10 -2 M and 14.8 X 10 -2 M respectively, stop growth completely. In these concentrations the rate of oxygen consumption in the respirometer is observed to fall with time for a period of 1 to 2 hours after the addition of this inhibitor to the growing culture. At the end of the i to 2 hours the rate of oxygen consumption has fallen to approximately 40 per cent of the normal value and it remains relatively constant at this value for at least another 2 hours. It is not possible at present to decide whether the effect of the PC on growth should be compared with this plateau rate of oxygen consumption or instead with an initial rate as was done in the case of the four lower concentrations. It should be noted that in the lower concentrations too the fall of the rate of oxygen consumption to a plateau value may occur but may have been undetected because of the growth which takes place in these . 
FIG. 4.
A comparison of the effects of PC on growth and oxygen consumption when the two effects are measured simultaneously on the same cells. The rates of oxygen uptake are indicated by squares. The estimates of growth rate from the rate of oxygen consumption are indicated by circles; those from viable cell counts by crosses; those from reflectometer readings by dots; and those from ammonia determinations by triangles. These are the average data from three identical experiments in which 0.03 per cent NH4CI was used.
cases. Because of these considerations there will be found in Fig. 4 two values for the rate of oxygen consumption at both 9.23 X 10 -2 M and 14.8 X 10 -2 M PC. The higher value in each case is the initial value, the lower one the plateau value. At concentrations above 14.8 X 10 -2 M the rate of oxygen consumption falls continuously after the addition of PC and after 1 to 2 hours reaches zero These concentrations kill cells as was determined from viable cell counts and the continuous fall of the rate of oxygen consumption is undoubtedly related to this gradual death of the cells. At these concentrations it is obvious that only the initial rates of oxygen consumption may be considered characteristic of living cells. Initial rates of oxygen consumption were therefore entered in Fig.  4 for the three concentrations of PC above 14.8 X 10-2 M.
From the foregoing considerations it is evident that the present experiments have not established the details of the relation between the rate of oxygen consumption and the PC concentration. It is quite dear, however, that the concentration of PC which completely stops growth inhibits the consumption of oxygen but that it leaves at least 40 per cent of the oxygen consumption intact. If conclusions be based on initial rates it may leave as much as 60 per cent. In E. coli therefore just as in the various cells to which reference has been made above, the concentrations of narcotic which are just sufficient to inhibit growth completely, definitely inhibit the consumption of oxygen although a large fraction of the latter remains intact. In this respect furthermore, it is evident that the effect of the sulfonamide cannot be distinguished from that of the narcotic. s~¢ AND COr¢CLUSIONS 1. The rates of growth and of oxygen consumption by ceils of E. coli have been measured under identical conditions, and the effects of sulfathiazole (ST) and of ~propyl carbamate (PC) on these two processes have been compared.
2. The rate of growth was measured by (a) the increase in the viable cell count, (b) the increase in the optical density of the culture, (c) the increase in the rate of oxygen consumption, and (d) the decrease in the ammonia of the medium. The results as indicated by these several measures were identical under the conditions of these experiments.
3. Concentrations of ST or of PC which are just sufficient to stop growth completely, lower the rate of oxygen consumption per unit of bacterial protoplasm to a value approximately 50 per cent of that seen in the absence of the inhibitor.
4. It is shown that the rate of oxygen consumption in ceils from old cultures is less affected by ST than is the rate of oxygen consumption by cells from young cultures. It is probable that the rate of oxygen consumption by "old" ceils is lower than that of "young" ceils.
5. The effects of ST and PC on both the rate of oxygen consumption and the rate of growth are very similar, indicating in a general way, that the mechanism of the actions of these two inhibitors is similar. Furthermore, since both of them produce appreciable inhibition of the rate of oxygen consumption while they are inhibiting growth, the possibility that the effect on oxygenconsumption is the immediate cause of the effect on growth must be entertained. 
